Past research has shown that the use of biosolids in the reclamation of drastically disturbed lands has increased forage yield and nutritive value with no detrimental effects on soils, vegetation, or water quality. One potential concern when using high rates of biosolids in reclamation programs is the accumulation of concentrations of nitrate in the forage tissue that could be dangerous or even toxic to ruminant livestock (>0.5%). Past reclamation research in which biosolids have been used has not assessed these levels. The objective of this research was to determine the impact of soil reconstruction method on the concentrations of nitrate in forage tissue. This research was conducted at a mineral sands mine located in Dinwiddie County, VA. Soil reconstruction treatments were 1) Control: rip, lime, P, and routine fertilization per crop management protocols, 2) Biosolids: rip, lime stabilized biosolids at 78 dry Mg per hectare, and routine fertilization per crop management protocols, and 3) Topsoil: rip, lime, P to subsoil, 15.25 cm of topsoil return, and routine fertilization per crop management protocols. The levels of biosolids used in this experiment resulted in the accumulation of high levels of nitrate in the forage tissue. One year after the soil reconstruction treatments were imposed and the plots were seeded to a grasslegume mixture, levels of nitrate in forages treated with biosolids were 2.5% . This is in the toxic range for ruminant livestock and these forages should not be fed. Initial results indicate that when biosolids are used in a reclamation program, forage must be carefully monitored for accumulation of nitrates in order to avoid potential livestock fatalities.
Introduction
Significant areas of prime farmland in the upper Coastal Plain of Virginia have been disturbed by heavy mineral sands (Ti/Zr-bearing ilmenite, rutile, zircon) mining over the past 10 years. The new mine soils consist of variably mixed and segregated tailings and slimes which have been dewatered and graded. These soils exhibit physical and chemical properties that limit agricultural use due to the inherent infertility of the processed subsoils, the abrupt layering of slimes and tails that often occurs during re-deposition, and heavy compaction from grading. In Past research has demonstrated that amending drastically disturbed soils with organic materials improves overall reclamation success. The most common organic amendment used in mined land reclamation is biosolids. The application of biosolids has been shown to increase soil organic matter, cation exchange capacity, soil nutrient levels, water holding capacity, and soil aggregate stability (Haering et al., 2000) . In addition to the positive impact of biosolids on chemical and physical soil characteristics, they have also been shown to increase forage yields, improve nutritive value, and enhance persistence of newly established stands when compared to using conventional fertilizer.
Health and environmental issues associated with biosolids use in reclamation programs are reviewed by Haering et al. (2000) . Public concerns generally fall into three categories, pathogen transmission, nitrate contamination of ground and surface water, and heavy metal accumulation.
Properly treated biosolids are essentially pathogen free and pose little or no risk to public health.
In reclamation programs biosolids are applied at higher rates (25 to 100 Mg ha -1 which can in some cases result in the leaching of nitrates into ground water. However, since this is a one time application long-term effects on groundwater are limited. Improved pretreatment of industrial wastewaters has greatly reduced the amount of trace metals in municipal biosolids. In most cases trace metals form stable complexes in the soil and are not leached into groundwater (Page and Chang, 1994) . In most cases, plants grown on biosolids amended mine soils have trace metal concentrations considered safe for plants and animals (Haering et al., 2000) .
Another area of concern when using high levels of biosolids in mined land reclamation programs that has received considerably less attention is nitrate accumulation in the forage tissue and its associated impact on livestock. Accumulation of nitrate in forage plants can pose serious health problems for ruminant livestock (Murphy and Smith, 1967) . Estimates of the nitrate concentration in forage required to cause acute nitrate toxicity varies due to a number of factors, including rate and amount ingested, forage type, energy level of the diet, adaptation to a high nitrate ration, general health and condition of the animal, species of animal, and pregnancy (Wright and Davison, 1964) . The maximum nitrate concentrations in forage tissue considered safe for ruminant livestock varies by author and study and ranges from 2,500 to 10,000 ppm nitrate (Baker and Tucker, 1971; Cheeke, 1998; Crawford et al., 1966; Emerick, 1974; Gilbert et al., 1971; Wright and Davison, 1964) . Ball and coworkers (2007) have compiled a widely used scale for rating the potential toxicity of nitrate in forage for ruminant livestock (Table 1 ). This scale identifies forages that have less than 5000 ppm nitrate as being generally safe when fed with a balanced ration. As nitrogen fertilization is increased to stimulate yield, the chance of nitrate accumulation in commonly used forages also increases, especially when growth is limited by moisture stress (Crawford et al., 1966; Emerick, 1974; Hanway and Englehorn, 1958; May et al., 1990; Murphy and Smith, 1967; Wright and Davison, 1964) . Observations and limited research have associated manure application in nitrate accumulation in both cool and warm-season annual grasses (Olson and Kurtz, 1982; Hanway and Englehorn, 1958; Mayo, 1895; Wright and Davison, 1964) . Hanway and Englehorn (1958) found that significant amounts of nitrate accumulated in corn stalks that had been fertilized with manure. However, the nitrogen content of the manure was not documented making it difficult to draw any firm conclusions as to the effect of nitrogen source and rate on the accumulation of nitrate in forages.
Hay and pastureland is a common post-mining land use (Ditch and Collins, 2000) and forages are commonly planted on mined land that has been amended with high rates of biosolids (Haering et al., 2000) . The accumulation of dangerous or toxic levels of nitrate in plant tissue that will be used for livestock feeding is a serious concern that has received little attention. The objective of this research study was to document the effect of soil reconstruction methods on the concentrations of nitrate in forage tissue.
Methods
The experimental design was a complete block design with a strip-plot treatment arrangement (Gomez and Gomez, 1984) Nitrate concentrations in plant tissue were determined colorimetrically using a modified salicylic acid method (Cataldo et al., 1975) . Nitrates were extracted by placing 1 g of dried forage material in a 250 ml Erlenmeyer flask along with 100 ml of distilled water. This mixture was shaken for 1 hr and then filtered through Whatman #4 filter paper. A 200 μl aliquot of sample extracts and nitrate standards (0, 10, 20, 30, 40, 60, 80 , and 100 ppm nitrate-N) were pipetted into 30 ml glass bottles along with 800 μl of salicylate/sulfuric acid reagent and swirled.
Sample blanks were prepared by pipetting a second 200 μl aliquot of sample extracts into 30 ml glass bottles along with 800μl of reagent grade H 2 SO 4 . After 20 minutes, 19 ml of 2N NaOH was pipetted into each bottle. After 60 minutes of cooling, the absorbencies of the standards, samples, and sample blanks were read on a spectrophotometer set to 410 nm and zeroed using a blank (distilled water + salicylate/ H 2 SO 4 reagent + NaOH). A regression equation was determined for the standards and this equation was used to calculate nitrate-N concentrations in the extracts after the absorbance of the corresponding sample blank was subtracted out. This value was multiplied by 4.43 and reported as ppm nitrate-ion.
Data were analyzed using the general linear model procedure from SAS version 9.1 (SAS Institute Inc., Cary, NC). Main effects and interactions included in the model were soil reconstruction, N rate, and soil reconstruction x N rate. Means were separated using Fisher's protected least significant difference (P < 0.05).
Results and Discussion
Proper seed placement and timely rainfall in the fall of 2005 resulted in excellent forage stands. In 2006, annual rainfall was above normal, but the distribution was skewed toward summer and fall ( First harvest forage tissue from the biosolids treatment contained dangerous levels of nitrate (Fig. 2) and should be fed only in a total mixed ration not to exceed one-fourth of the total ration (Table 1 ). The forage from this treatment could be safely fed to horses as long as nitrate levels do not exceed 1.5% (J.B. Meldrum, personal communication, 2005) . In contrast, first harvest forage tissues from the control and topsoil treatments were in the safe range (Fig 2) . By the second harvest in 2006, nitrate concentrations in the forage tissue from the biosolids amended plots had increased to the toxic range (Fig. 3) . This forage should not be fed to ruminant livestock or equine (Table 1 ). The higher nitrate concentrations for this treatment may have been related to temperature. As temperature increases the organic-N mineralization rate tends to increase (Stanford, 1982) . Further cool-season forage growth tends to be slower at elevated temperatures (Moser and Hoveland, 1996) . The combination of increased plant available N (PAN) and slowed plant growth may have created ideal conditions for nitrate accumulation in the biosolid treatment. Note that the control and topsoil treatment never accumulated significant quantities of nitrate (Fig. 3) . Nitrate concentrations for the first and only harvest in 2007 were higher for the biosolid treatment, but all soil reconstruction treatments were in the safe range (Fig. 4) . By the second year after establishment the rate of mineralization for the biosolids had likely decreased resulting in lower levels of PAN. Second year nitrogen availability from biosolids is estimated to be 10% In 2006, the addition of nitrogen fertilizer did not increase the concentration of nitrate in the forage tissue for the first or second harvests (Fig. 5) . Nitrogen fertilization did increase nitrates in the forage tissue in 2007 (Fig. 5) . However, the levels of nitrate present in the forage tissue at this harvest posed no risk to ruminant livestock or equine (Table 1) .
Conclusions and Recommendations
These data indicate that when high levels of biosolids are used in reclamation programs, forages will likely accumulate dangerous levels of nitrate. Therefore, when forage is being utilized as livestock feed, it should be monitored for nitrates for at least two complete seasons following the year of application. Since nitrate accumulation in forages can be impacted by environmental conditions, it is especially important to monitor nitrates if drought occurs during this period. 
